Measurements of the fraction of the solar disk covered by bright K 2 emission at various phases of the sunspot cycle are presented together with measurements of the K 2 emission intensity of various solar features. It is estimated that at the time of the last sunspot maximum approximately 20 per cent of the visible disk was covered by K 2 emission with intensity at least three times that of the quiet disk. This corresponds to a 40 per cent increase in the average intensity of K 2 emission at the time of sunspot maximum over the average intensity at the time of sunspot minimum. A smaller variation associated with solar rotation is also estimated. Average K-spectra for the separate hemispheres of the Sun, as they currently appear, are presented. These spectra show considerable differences which are attributed to the differences in solar activity presently existing in the two hemispheres. It is concluded that, if one regards the Sun as a point source of light, as it would appear from the vicinity of a distant star, there would be a significant variation in the intensity of its K 2 emission with time corresponding to the variation of the sunspot number with time. This result emphasizes the possibility of finding "sunspot cycles ,, in stars by observing the intensity of K 2 emission.
I. INTRODUCTION
Studies of the details of the solar disk have led to a picture of the solar cycle (Babcock 1961) in which differential rotation deforms and amplifies the Sun's initially meridional subsurface magnetic field until it erupts to the surface where it forms bipolar sunspot groups and gives rise to chromospheric phenomena such as the bright Ca + K 2 emission (Leighton 1959) . The non-stationary large-scale cellular convection called supergranulation (Leighton 1961; Leighton, Noyes, and Simon 1962) then disperses and reconcentrates this magnetic flux in a random walk (Leighton 1964 (Leighton ,1965 about the solar surface, eventually resulting in the cancellation and reversal of the initial polar magnetic fields.
We might envision that such processes are occurring in other stars as well as the Sun and wonder if we might detect even the simplest aspect of these processes and further our understanding of magnetic cycles by making use of the large number of statistics potentially available in the myriad of stars. The question naturally arises how the solar cycle might be detected if the Sun were regarded as a point source of light such as it would appear from the vicinity of a distant star.
It has long been known (see, e.g., Abetti 1936 ) that a greater fraction of the solar disk is covered by bright calcium flocculi at the phase of the solar cycle when the sunspot number is a relative maximum than at the phase when the sunspot number is a relative minimum; and because the intensity of K 2 emission is considerably brighter in flocculi than elsewhere on the disk, it has often been suggested that the average intensity of solar K 2 emission might vary significantly with time roughly in phase with the variation of the sunspot number with time. If this were true, it would lend support to the idea of using the intensity of K 2 emission as a means of looking for magnetic cycles in stars that have detectable K 2 emission. This paper presents the results of an attempt to find out whether the average intensity of solar K 2 emission would indeed be expected to vary significantly with time during the solar cycle. First, the amount of variation in the average intensity of K2 emission during the solar cycle is estimated both from measurements of the fraction of the solar disk covered by bright K2 emission at various phases of the cycle and from measurements of the relative intensities of K2 emission of various solar features. Second, by scanning the two hemispheres of the Sun separately, spectra representing the average K-line of the northern and southern hemispheres, respectively, were obtained. It is suggested that, because the northern hemisphere is relatively active at present while the southern hemisphere is relatively quiet, the average spectra for the individual hemispheres may approximate average K-line spectra for the entire solar disk during phases of relatively large and small sunspot activity, respectively, thereby providing an indirect measurement of the variation of the average profile of the K-line during the sunspot cycle. In order to find out what fraction of the visible solar disk is covered by bright K2 emission at various times during the sunspot cycle, nine K 2 spectroheliograms were selected from the files of the Mount Wilson Observatory, enlarged positive prints were made from these spectroheliograms, and the areas of bright K 2 emission were determined by planimetering the prints. The results are shown in Table 1 .
An, As, and At in Table 1 refer to the per cent area of the visible solar disk covered by bright K2 emission on the northern, on the southern, and on the total portion of the solar disk, respectively. The nine sets of measurements have been arranged in four groups. The first group refers to four dates for which the spectroheliograms show particularly large areas covered by bright K2 emission. These dates occur about the time of sunspot maximum in the last sunspot cycle. The second group contains two dates less than a solar rotation period from two corresponding dates in the first group yet for which the areas of bright K 2 emission, although still rather large, are significantly smaller than those for the corresponding dates in the first group. The third group refers to the Sun near the time of sunspot minimum when the area covered by bright K 2 emission is relatively small and is, therefore, included for comparison with the measurements in the first group. The fourth group consists of area measurements for two dates near the present time. These measurements are illustrated in Figure 1 , which shows one K2 spectroheliogram from each of the four groups in Table 1. b) The K2 Emission Intensity of Various Solar Features
In order to find out how much brighter the "bright K 2 emission' J is than the K 2 emission of the quiet solar disk, K-line intensity profiles were obtained for various solar features. These profiles were acquired from calibrated spectrograms taken with the 31-inch image and the 45-foot spectrograph at the Kitt Peak National Observatory. The entrance slit was 0.5 mm wide, and the dispersion was 0.038 Â/mm in the eighth order of the spectrum. Figure 1 , d. Profile A refers to the plage itself, B refers to a location near the edge of the plage, C refers to a relatively weak plagette away from the plage, and D refers to the quiet Sun. The intensities I are all expressed in terms of the same arbitrary unit /q. It is evident from Figure 2 that the bright K 2 emission has an intensity 2-4 times that of the quiet disk. Thus, hereafter we shall adopt 3 as a rough estimate of the ratio of the intensity of bright K 2 emission to the intensity of the K 2 emission of the quiet disk.
Three additional points concerning the K-line intensity profiles merit comment. First, there is the question of what happens to the profiles outside the K 23 2 core in the Ki wings. In general, the behavior in Ki is very complicated with considerable "crossing over" of the profiles due to apparent curving and slanting of the spectra. Although this "crossing over" is shown to some extent by curve D in Figure 2 , this complexity (c) JAN* 30, 1958 (d) JUNE 5, 1966 jr IGi 1 _K 2 spectroheliograms illustrating the variations in the area of the solar disk covered by bright calcium flocculi at various phases of the sunspot cycle (Mount Wilson and Palomar Observatories). In each case, hehographic north is up and east is to the left. has been reduced somewhat by presenting profiles from spectrograms obtained during the conditions of mediocre seeing that tend to wash out the contrast in the Ki wings without appreciably altering the much larger contrast in the K232 core.
Second, curves A and B of Figure 2 show a hint of structure about 0.7 Â redward of K 3 . This rather wide "bump" in the profile is visible on photographic plates as well as on the intensity tracings and seems more prominent in plages than on the quiet disk.
Third, although the relative intensities of K 2 emission of various features have been established, there has been no attempt to obtain absolute intensities, such as by reference to the intensity of the highest point of the continuum spectrum near 4000 Â. This omission is because this point of the continuum nearest to the K232 core lies well out of the spectral range covered by the photographic plate at the dispersion employed. However, by assuming that curve D of Figure 2 is not significantly different from that given in the Utrecht Atlas (Minnaert, Mulders, and Houtgast 1940) , one may obtain the rough four-point least-squares best-fit estimate that in Figure 2 Jo ^ 4 per cent of the X 4000 continuum with a root-mean-square accuracy of about 1 unit of Jo.
c) Average K-Line Profiles for Individual Hemispheres of the Solar Disk
Since at present the northern hemisphere of the Sun is relatively active whereas the southern hemisphere is relatively quiet, average K-spectra for the individual hemispheres might approximate K-spectra for the entire solar disk during phases of relatively large and small sunspot activity, respectively, thereby indirectly providing actual measurements of the profile of the K-line during phases of differing amounts of sunspot activity. Such average spectra have been obtained in two ways by use of the 31-inch image and 45-foot spectrograph of the McMath Solar Telescope at Kitt Peak.
The first type of average-"a line average"-has been obtained by driving the image of the Sun in a geographic east-west direction across the entrance slit of the spectrograph during exposure of the spectrum of the K-line. This was done with the slit aligned in this same east-west direction. On June 4, 1966, a geographic solar north latitude was selected for which one might expect considerable calcium flocculi. Four line averages were then taken: first in the north, then at the corresponding geographic solar latitude in the south, again in the south, and again in the north. In each case, the spectrum for the northern hemisphere appeared to have brighter average K 2 emission than the spectrum for the southern hemisphere. The spectra and the intensity profiles for the first pair of line averages are shown in Figures 3 and 4 , respectively.
The second type of average-"a hemisphere average"-has also been obtained by driving the image of the Sun in a geographic east-west direction across the entrance slit of the spectrograph during an exposure of the K-line. In these cases, however, the slit was oriented perpendicular to the east-west direction. After being driven across the slit, the Sun was shifted in a north-south direction by an amount equal to the slit length of 7 cm and driven back across the slit in the east-west direction in a process that was continued until the photographic plate had been exposed to the entire hemisphere. Just as for the line averages, four hemisphere averages were made-north, south, south, and north. In each case, the spectrum for the northern hemisphere appeared to have brighter average K 2 emission than the spectrum for the southern hemisphere. The spectra and the intensity profiles for the first pair of hemisphere averages are shown in Figures 5 and 6 , respectively. No correction has been made in any of these cases for the fact that geographic north was about 14?5 east of heliographic north on June 4 and 5. This obliquity between the geographic and heliographic coordinate axes would tend to act in the direction of reducing the measured asymmetry in the average K 2 emission intensity between hemispheres by including some northern low latitudes in the western part of the southern average and by including some southern low latitudes in the eastern part of the northern average. This effect was probably small on June 4 and 5 due to the sparsity of low-latitude bright flocculi. Table 1 shows that about the time of sunspot maximum in the last sunspot cycle approximately 20 per cent of the solar disk was covered by bright K 2 emission. In § nô it was estimated that the intensity of this bright K 2 emission is roughly three times that of the quiet disk. Together these results imply a 40 per cent variation in the average solar K 2 emission intensity between the time of sunspot maximum and sunspot minimum in the last sunspot cycle.
Reference to Table 1 also shows the following: (1) Between January IS and January 30, 1958, the area of the solar disk covered by bright flocculi decreased from 23 per cent to 13 per cent corresponding to a 16 per cent decrease in the average intensity of solar K 2 emission. (2) Between December 2 and December 22, 1957, the area increased from 12 per cent to 21 per cent corresponding to a 14 per cent increase in the A Fig. 4 .-^Intensity profiles for the spectra of Fig. 3 average intensity of solar K 2 emission. (3) Between May 26, 1966, and June 5, 1966 , the area decreased from 3.9 per cent to 2.2 per cent corresponding to a 3 per cent decrease in the average intensity of K 2 emission.
It might be argued that the increase in the average intensity of K 2 emission by as much as 14 per cent could conceivably be accounted for by the relatively sudden birth of new sunspot groups and the appearance of considerable amounts of accompanying bright calcium flocculi. However, no such argument could be made for the relatively sudden 16 per cent decrease in the average intensity of K 2 emission because of the considerably longer time required for the disappearance of the regions of bright flocculi than for their appearance (Kiepenheuer 1953) . We therefore regard these changes in the average intensity of solar K 2 emission as a manifestation of the rotation of the irregularly covered solar surface and conclude that these changes would tend to be largest near the time of sunspot maximum when they might be as much as 15 per cent. Bumba and Howard (1965) have noted that active regions on the Sun are concentrated in complexes of activity that persist for many solar rotations. We suppose that the irregular covering of the solar surface consists of a distribution of these complexes of activity. We point out that if this is true the influence of these complexes on the average intensity of the solar K 2 emission seems to be greatest at the time of sunspot maximum, when it is most difficult to study them on the disk.
An examination of Figures 3 and 5 shows clearly a difference between the average K-line profiles of the northern and southern portions of the solar disk. From Figures 4 and 6 the intensity tracings of these spectra give values of 1.33 and 1.12, respectively, for the ratio of the intensity of northern K2V emission to southern K 2 V emission. These differences of 33 per cent and 12 per cent are roughly three times what might be expected (13 per cent and 3 per cent) from the measured areas (hemisphere averages: 1.8 per cent N., 0.4 per cent S.; line averages: 6.5 per cent N., 0.0 per cent S.) of bright K 2 emission using 3 for the ratio of the intensity of bright K 2 emission to the intensity of the K 2 emission of the quiet disk. Although both the estimates and the intensity profiles are admittedly only approximate, this discrepancy suggests that the actual variation of the average intensity of the solar K 2 emission during the solar cycle may be larger than we estimate, possibly due to a significant contribution of K 2 emission from the chromospheric network which has been neglected to some extent in our area measurements. (The network appears thicker and less fragmentary at the time of sunspot maximum than at minimum when it tends to disappear almost entirely in some places, there only being occasional plagettes where three or more supergranules presumably come together.)
Finally, both the line average spectra of Figure 3 and the hemisphere average spectra of Figure 5 give the impression that the spectrum of the northern hemisphere, in addition to having brighter K 2 emission than that of the southern hemisphere, also has a wider K 2 emission profile and less asymmetry in brightness between the K 2 V and K 2 R components. The intensity tracings of Figure 4 and Figure 6 confirm this impression. We interpret these differences in average spectra as a reflection of the individual spectra contributing to the averages. That is, the asymmetric, less bright, and less wide average © American Astronomical Society Provided by the NASA Astrophysics Data System Fig. 5 -"Hemisphere-average" K-spectra obtained by moving the solar image in a geographic east-west direction across the slit at successive northsouth positions until the photographic plates had been exposed to the entire geographic northern and southern solar hemispheres, respectivelv (a) refers K 2 spectrum is composed of the spectra of a large number of the "K 2 V bright points" that are distributed so uniformly about the quiet Sun, and the more symmetric, brighter, and wider average K 2 spectrum is composed of the spectra of numerous plages and plagettes.
IV. SUMMARY AND CONCLUSION
Measurements of the areas and intensities of bright calcium flocculi have been presented. These measurements suggest a variation of the average intensity of solar K 2 emission by as much as 40 per cent during the solar cycle. Indirect measurements of this variation, by comparing average K-line profiles for individual hemispheres during the present time of moderate solar activity in the northern hemisphere and relatively little activity in the southern hemisphere, suggest that the variation may be even larger, possibly due to a significant contribution of bright K 2 emission from the chromospheric network. Variations in the average intensity of solar K 2 emission of as much as 15 per cent during a period of a few weeks at the time of the last sunspot maximum were found and interpreted in part as a manifestation of the rotation of the irregularly covered solar surface. These results support the idea of using the intensity of K 2 emission as a means of looking for "sunspot cycles" in stars.
The idea for this research developed partly from discussions at the Carnegie Institution of Washington Conference "The Sun among the Stars" held at Riverside, California, in April, 1966. I am grateful to Dr. H. W. Babcock and the Mount Wilson and Palomar Observatories for generously providing the spectroheliograms used in this research.
